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OCR level of abstraction

void ParallelAverage( float* output, const float* input, size_tn) {
Average avg;
avg.input = input;
avg.output = output;
parallel_for( blocked_range<int>(1, n), avg );

}
hides...
if('range.empty()) {
start_for& a = *new(task::allocate_root()) start_for(range,body,partitioner);
task::spawn_root_and_wait(a);
}

hides...

void generic_scheduler::local_spawn_root_and_wait( task& first, task*& next ) {
internal::reference_count n = 0;
for( task* t=&first; ; t=t->prefix().next ) {
++n;
t->prefix().parent = &dummy;
if( &t->prefix().next==&next ) break;
}
dummy.prefix().ref_count = n+1;
if(n>1)
local_spawn( *first.prefix().next, next );
local_wait_for_all( dummy, &first );

TBB user-friendly API

OCR’s level of
abstraction is at the
very bottom

E—

hides... P
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High-level OCR Concepts
.| Accessible @ @

data-blocks @
Create Data-blocks
other EDTs for other EDTs @ @

Event Driven Task (EDT) Globally visible namespace of data-blocks
 Distinct from the notion of a thread/core

* Executes when all required data-blocks have
been provided to it

* Creates other EDTs and provides data-blocks — Data-blocks can move
to them

— Explicitly created and destroyed
— Only available “global” memory

Dependence
— EDT, provides data to EDT,
— EDT, creates EDT,
— Visible to the runtime




OCR High-level Model
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SW Ecosystem Vision for OCR Systems
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OCR: Just the Facts . . .

* Instance of a task-based dynamic runtime
* Research prototype
* Dynamic datablocks, not mallocs
e Explicit communications
* Explicit description of relationships between things

* Now openly public development, RO to all, BSD license
* Single-node or clusters of x86
 Ramping for May release (with RW access)
* https://xstack.exascale-tech.com/git/public

* Spec 1.0, tutorials, examples, tools, etc.
* Extensions: Collectives, Region Parallel, Posturing, etc.
* Potential future spec inclusion: “breeding ground”

* Public wiki + such are in-flight

* Functionally complete: performance work is coming


https://xstack.exascale-tech.com/git/public

Runtime vs. OS: grudge match

Application
Tupperware?
Distributed Runtime
Middleware Middleware Middleware Middleware

Sl G BB D

Hardware Blob Hardware Blob
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Fragmentation & Composability
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Non-exclusive execution models

* Task-based runtimes do not preclude other models
* You can run MPl or OMP on top . ..

* ...just don’t expect full benefits that way

* Fragmentation is a guidance directive
 Composability is a requirement

* Where is the line between App and Runtime?
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Runtime vs Programming Model

HLL/DSL Hero

Scientist
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SAR: Async does matter

Workers
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. but won’t fix algorithms
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App Flow Graph - Fibonacci



Advanced Visualizations

* Video clip here



Evaluation of Runtimes

* R&D Prototype vs Production

* What does performance mean?
* User code?
* Runtime overhead?
* Throughput?
e Scaling? (strong? weak?)
* Capability to <item> utilize <metric> ?
e Parallelism, power, bandwidth, latency, throughput
* Testing?
 Validation of results (performance loss for determinism)

 Validation of runtime
* Benchmarketing naturally goes here

* Opportunities in related fields: re-inventing the wheel?
* Factory automation, natural sciences (eg: marine life)
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Cholesky on OCR under FSim

Strong scaling, 100x100, 8-256 XEs, 1-32 CEs, unoptimized, greedy hierarchical work-steal

Cholesky - Instructions Cholesky - Network traffic
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Current memory allocator problem manifests
* Smart, hierarchical allocator system in review

Greedy scheduling algorithm without heuristics = over-communicates
* No task prioritization by scheduler = imbalance in movement
* Revised scheduler framework and smart prioritization in review
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Memory Allocator Scalability Challenge

Rice Study: single node micro-benchmark, 8-core / dual socket E5-2690

Baseline

Workers scaling for edtExecuteHierFinishSyncRtMasterNoBinding

| T

Throughput (op/s)

,

256 —

65535 ——
131071

262143 ——

524287 ——
1048575
2097151
4194303

Number Of Workers

Throughput (op/s)

Te+06

6e+06

Runlevel + HC Malloc

Workers scaling for edtExecuteHierFinishSyncRunlevelBindingHc

r
255 —
= 65535

131071

Number Of Workers

* Study comparison of different allocator approaches on x86 nodes
* Guiding research direction for those uses that stress dynamic allocation
* Additional experiments in progress, allocator re-design
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R ir—OCR on 32-th SNB
[ Benchmak [ EDTvession | Ith Jth 4th  Sth  I6th 30th | Benchmak '+, || EDIverson | 1 2th 4t S 168 3J&
DIV-35D-1 OCE 244 388 43 6.64 6.43 3.63 |, JAC-3D-7P OCK 218 414 /80 1317 2530 26.75
’ OMP 302 565 762 8.86 8.76 8.46 OMP 193 215 262 412 742 12.66
SWARM 181 400 638 8.06 8.28 296 SWARM 212 381 1732 13.74 2484 1609
| ¥DID-2D OCR 120 231 434 8.13 1396 17.14 JAC-3D-1 OCR 297 471 838 946 835 671
OMP 083 029 056 0.95 141 246 OMP 333 570 1161 1959 17.83 13.67
I SWARM I.17 207 391 746 1191 13.75 SWARM 216 591 793 11.14 1214 318
| G5-2D-3P OCK 0335 172 323 3.90 10,38 1504 LuUD OCK 1.66 272 521 1.33 .67 251
| OMP 1.13 114 116 1.19 1.22 1.28 OMP 057 078 094 0.67 0.59 0.98
) SWARM 088 165 311 374 9.73 3.11 SWARM 202 293 470 6.91 7.7 135
I GS-2D-9P OCR 098 190 361 6.67 1208 18.24 | MAITMULYL OCR 437 835 1505 2680 4572 4377
| OMP 1.17 116 118 1.17 1.19 1.20 OMP 121 238 44% 8.37 1578 1441
! SWARM 09 185 350 6.51 1151 1188 SWARM 446 858 1549 2887 4944 3553
| G5-3D-7P OCK 135 304 3538/ 1091 2072 3425 P-MAIMULI OCK 137 239 4389 351 1446 1560
I OMP 1.75 221 301 490 7.83 11.12 OMP 190 297 548 912 1598 2014
: SWARM 156 293 564 1064 2029 3171 SWARM 135 266 3505 9.35 1355 382
I GS-3D-27P OCE 18 356 690 1295 2471  37.53 | POISSON OCR 046 064 114 171 143 1.00
| OMP 206 316 5351 10.16 1886 2926 OMP 101 097 1.02 0.99 0.96 084
| SWARM 18 352 680 1278 2445 3719 SWARM 04 063 099 141 1.57 0.27
| JAC-2ZD-COFY OCK 405 737 1333 13366 HIT B0 KIM-3D OCK 300 538 965 1384 2442 1748
| OMP 425 3530 733 1260 1950 18.00 OMP 240 459 803 1577 2906 2267
SWARM 367 612 1134 2140 3551 937 SWARM 283 595 976 1802 2623 1234
| JAC-2D-5P OCE 1.71 322 611 1108 1898 21.72 SOR OCR 028 056 098 1.65 127 0.93
| OMP 092 092 091 1.13 140 2.19 OMP 0.62 101 1.59 2.66 442 6.62
SWARM 163 315 584 1063 1758 615 SWARM 026 045 068 117 0.86 0.22
| JAC-2D-5P UCK 138 300 >384 10532 1899 2154 SITESM OCK 449 1.8 1176 1762 1395 11.72
| OMP 109 114 12 1.31 1.67 264 OMP 366 560 1052 1984 3797 3915
SWARM 150 300 558 1027 1853 1948 SWARM 282 415 1739 1304 1788 279
| JAC-3D-27P OCR 241 470 8% 1672 3166 3448 TRISOLV OCR 164 295 489 7.63 7.55 3.29
OMP 243 343 566 1036 1887 2595 OMP 209 429 7.77 1515 2867 23.28
| SWARM 240 453 875 1621 3067 3451 SWARM 156 284 488 7.88 9.77 137
_ _ * OCR matches or betters OpenMP in certain benchmarks
Published results using . )
, * Not a complete OCR implementation — no datablocks
R-Stream with OCR .

Uses a simple work-stealing scheduler




Status and Opportunities

* OCR scales as per underpinnings for distributed x86

* Rice has GASnet implementation in progress for distributed x86 cluster runs
« Memory allocator and EDT scheduler represent scaling limits

 Managing hierarchy and complexity efficiently
* Moving from functionally complete to maturing technologies and limits

* All Open Source — available to all for use or modification
* Full release of FSim, OCR, and all associated pieces by August
* Re-use {modules, ISA, energy model, ..} in other tools/environments
* Port more SW ecosystem components on top of OCR and/or FSim natively

e TG sim scales to 1,152 cores using 64 dual-socket nodes
* 128 simulated blocks, ~10-30 MIPS/core depending on comms rate
* Runs on raw TCP/IP sockets or ibverbs (latency sensitive)
* Tinkering with GASnet port and/or MPI port
e Architecture model has clear interfaces in network model



Q&A
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Domain
Specialist

Algorithm
Specialist

Tuning
Specialist

Runtime

Traleika Glacier Programming Environment
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Applications & Co-design Strategy

Apps Engineer B Refactor_lng |
Redesign EDT-native version

B it with monthly on-site visits to

discussion S as
DOE Proxy Apps
BVt - Legacy API Analysis
e
CESAR Legacy - Ensure legacy With DOE experts understand
TORCH Work components/APIs work impacts of EDT model on
Mantevo on top of OCR application viability
NERSC SSP
LULESH Step 1
SNAP \ 4
CoMD
<TED> Legacy Port Enhancement
Elnsure Iedg:cy tc.)ols: in Extend OCR APIs and tools
¢ p zce agCRunct_:%n'lAngh for more efficient results,
. without . . scalability OCR
| | R&D Team

Feedback/Key learnings



